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Component Group: Propeliant Yalves Preparad: P. Lowrimere
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Part Humker: REO0A2Z5E Change #; 1
Failure Mods; Phace part structural fallura, Diractive #. CCBR MEA-01-5226
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Resign / Oocume ™ Referance

FALILURE CALISE:  A: Internal elructural fallura of: Bal! seal, Shaft seal, Shaft, Bellows, Cam followar, inlet gleave, Dutlet slaovs, Shatt baating retainer, Cam baardng, Shait bearing,
Fasteners and cupwashers.

OPOY INTERKAL ETRUCTURAL PARTS ARE THE SHAFT (1), BELLOWS (2), CAM FOLLCWER (1), INLET SLEEVE (4), OUTLET SLEEWE (5], SHAFT SEARING RETAMERS (6, Cai
BEARINGS (7}, SHAFT BEARINGS (3), THRUST BEARING {3, BALL SEAL (100, SHAFT SEALS {+1), INLET SLEEVE FASTENERS (12), AND CLIPWASHERS [13), AND THE QUTLET 5LEEVE
FASTEMERS (14) AND CUPWASHERS |15), HEAT TREATED INCONEL THE IS USED FOR THE SHAFT, BELLOWS. CA FOLLOAWER, THE INLET ANED OUTLET SLEEVES (1), (23 (3], (4), 15,
INCOMEL 7548 VWAS SELECTED FOR ITS CRYOGENIC STRENMGTH AMO CLWCTILITY AWND FOR ITS WELLDABILITY [15]. THE IMLET AND CAITLET SLEEVES ARE INSTALLED WITH B HEAT
TREATED A-2B6 SCREVWS, THE CUPWASHERS Dn THE INLET SLEEWE ARE STAKED INTO THE SCREWHEADR AND THE SLEEVE FLAKGE TO FREVENT LCSS OF SCREW TORGLUE. THE
GUTLET FLANGE SCREWE ARE LOCKED BY A FLAT (M THE CUP AND BY STAKING THE CUP INTO THE SCREWHEAD., THE CAM BEARIMNGS, SHAFT BEARIMGS, AND THRUST
BFEARINGS HAVE HEAT TREATED 440C CRES ROLLERS AND RACES (7], (), [17). THE MaTERIAL IS USED FOR TS HARDNESS AND WEAR RES'STANCE (16). THE SMAFT BEARINGS
AND THRUST BEARINGS HAVE BE.CU RETAINERS WHEZH SEFERATE THE ROLLERS AHND PREVENT ROLLER SKEWIKNG. BE-C WAS CHOSEN FOR TS WEAR RESISTANGE, THE
SHAFT BEEARING RETAIMER RING 1S 304 TRES 18). THE MATERIAL IS USED N THIS APFLICATION FOR ITS DUCTILITY {16). THE BALL SRAL MATERIAL IS KELF (100, KELF IS USED
FOR ITS CRYDGENKG STRENGTH, DUCTILITY, AND WEAR RESISTANCE (16, THE BALL SEAL Q.0 |15 A CLOSE FIT ¥ ITH THE BELLOWS. WHEN OPOY INMLET FRESSURE 13 APPLIED
THE SEAL BEFLECTION I3 LIMITED AND THE HQDP LOAD 15 MCKED LIP BY THE BELLOWS. THIS LIMITS THE HOOP STRESS IM THE SEAL AND PREVENTE STRUCTURAL FAILLIRE fig.
THE BALL SEALS ARE LIMITED TO 27 STARTS i26). THE SHAFT SEAL MATERIAL 15 GEAFRHITEFILLED POLYIMIDE (11>, THE MATERIAL WWAS SELECTED FOR TS STREMGTH, CREEF
RESISTANCE, AND WEAR RESISTAMCE {16}, THE INLET AND OUTLET FASTENERS AND CUFPMWASHERS ARE PREVENTED FAOM EHNTERING THE LOX FLOW AREAS BY THE ATTATHMNG
OUCT FLAMGES. THE INLET CUPVASHERS ARE MADE FROM AMEALED 302 CRES. THE OUTLET CUFWVWASHERS ARE MADE FROM ANEALED 321 CRES. BOTH MATERIALS ARE USED
FOR THEIR DUCTILITY, CORROSION RESISTANGE AND STREMGTH. ALL OF THE INTERMAL STRUCTURAL PARTS MEET THE STANDMRD LOX COMPATEILITY REQUIREMENTS WITH
THE EXCEFTION OF THE SHAFT AND BALL SEALS. THE BHAFT AND BALL EEALS HAVE BEEN WVERIFIED TO BE LOX COMPATIELE 1N THEIR DPERATIMNG ENVIRONMENT AMD
APPRICNVED FOR USE (105, HIGH AND LOWW CYCLE FATIGUE UFE FOR THE OPCOY COMPONENTS MEET CEI REQUIREMENTS (20). THE MINIMUK FACTORE OF SAFETY FOR THE OFOY
MEET CE! REQUIREMENTS 21). THE OPOY CONMPOMENT 3 WERE CLEARED FOR FRACTURE MECHAMICS/MDE FLAW GROWTH, SINCE THEY ARE HOT FRACTUIRE CRITICAL PARTS
{22). TABLE D140 LISTS ALL THE FMEATIL VELDS AND IDENTIFIES THOSE WELLS IN WHICH THE CRITICAL INIT AL FLAW SIZE IS NOT DETECTABLE, AND THOSE IN WHICH THE ROOT
BIDE IS5 MOT ACCESSABLE FOR INSPECTION, THESE WELD'S HAVE BEEN ASSESSED AS ACTEFTABLE FOR FLIGHT BY EISK ASSESSMENT (221, THE OPDY SUCCESSALLY PASSED
THE DESHGH VERIFICATION TESTING RECUIREMEMTS (24}, INCLUDING VERATION AND ENDURANCE TESTS 125},

(1] RSO0AZAT; (27 RED0E2AQ; 13) RSO0AMG; {4) R20D6I11; (3) RS0103%3; (5] RS0002D6; (7y RELS10E5; (3) RES102T By RES1032 {10 ASO0BIOD; {11] RES1147; {12 ROIT1942 {13
R0151.300% RDY53.2008; (14) REBO10356; (15) REMOIED, (16) RE5-8582. (17) RES1035; (1) RS0O0E26E; (193 RUIDO1F; 200 RLACAI2, CRIZOROIOAA: |21) RES-3548, CPIIIROOCIE; (13
M&S4 TASK 117; {22) RSS-ATEG; {24) DVE-55ME-S15; (25) RES-510-244, RSS-515-17; {28) DAR 2761
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Fallura Causes

Significant Characterialics

Inspechen|s) | Testis)

i8-0

EEAL

GEALS

QUTLET SLEEVE
FOLLOWER ASSENBLY
IMLET SLEEVE

SHAFT BEARMG RETAINER
BELLOWVE ASSERMBLY
SHAFT AESEMEBLY
HELRING ASSEMBLY
HEARING ASSEMBLY
BEARING ASSEMBLY
BEARING ASSEMBLY
COHIGAL WASHER
CONICAL WASHER
CUPWASHER

SCREW

FASTENER

MATERIAL INTEGRITY

Docurmeanl Refaranca

MATERIAL INTEGRITY 15 VERIFIED PER DRAVING REQUIREMENTS, INCLUDING LOX
COMPATIBNLTY.

THFE BALL SEAL WMATERIAL IS EXAMINED FOR VOIDS, FISSURES, BUBBLES, AHD STRESS CRACKS.
TENSILE SPECIMENS ARE TAKEN FROM EACH TUBE OF MATERIAL AND TESTED AT CRYQGBENIC
TEMPERATURES TO ASSURE ADEQUATE STRENGTH AT THE OPERATIMG TEMPERATURES.

EACHLOT OR BATCH GF SHAFT SEAL MATERIALS 15 INSPECTED FOR COLOR, SPECIFIC GRAVITY,
FLEXURAL STRENMGTH, AHO TENSILE STREMGTH.

THE CAM FOLLOWER 13 PENETRANT INSPEETF AFTER HEAT TRFAT AR flasHIBH RIS

RS002200
RES1147
REMO353
RS0
R30I
RE030E
REO0E2I0
REU0B263
RES1005
HE S 1006
RES102T
RES1032
R[153-3003
R 53-3008
REMOI80
RSO35S
RO011348

RENO3IOE
RES1447
R3010353
RSI0a3 10
REQDAIH
RE008305
FS0062310
F5008263
RES100S
REL 1006
RES10:T
RES1032
RO153-33202
RO153-3008
RS010360
RE010355
Roo11948
RLIDDAT

REQ120-004

REO120-H0

BANY4E 115
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e " Ak Fivgdllalll vdIvas Prcpargd: o LOvurgg
CIL Rem; D14g-a45 Approved: T. Nouyer.
Componen. Oxidfzer Preburmer Oxktlzar Yalve Approval Date; g1apige
Part Humber: REG0EIEA CHanfa #: 1
Fallure Moda: Prece part siructural fablure. CHrecthve §: CCBD WMEA-(1.6228
Pags: 2af 3
Fallurs Causes Elgnifican] Characteriatica Irspeciion]s) { Test(z) Oncunent A afarer cp
A MATERIAL INTEGRITY HEAT TREAT OF FOLLDWER IS VERIFIED PER SPECIFICATION RECUIREMENTS, RA&L 511 4020
THE INLET GLEEVE IS5 PEME TRANT INSPEGTED AFTER MACHINING, RADI16-118
DRY-FILM LUBE OF THE INLET SLEEVE IS VERIFIED PER DRAWING REQUIRELMENTS. RSA0RE11
THE BELLOWS HEAT TREAT 15 VERIFIED PER SPECIFICATION REQUIREMENTS. RAIE11-H02
CRY-FIL LUBRICANT DOF THE BELLOWS IS INSPECTED PER DRAYWING REQUIREMEMNTS, RESOCAZ30
BELLOWS SPRING RATELOAD ANDELASTIC RETURN ARE TESTED FPER DRAWING REQUIREMENTS.
OMNE OF EVERY 25 DELFVERAELE BELL WS 1S SECTIONED AFTER ACCEPTANCE TESTIMNG AND RZ0087 30
{H5FECTED. ALAAs TS
RL{11127
THE BELLOWS ASGEMEBLY |5 FROOF PRESSURE TESTED AN L EAK, CHECKED.
EHAFT HEAT TREAT IS VERIFIED PER SPECIFICATION RECHIFEMENTS. RAMGT1.020
SHAFT DETAILS ARE FENETRANT INSFECTED. RADISE-116
DAY¥-FILM LUBE OF THE SHAFT BEARING RETAINERS |2 VERIFIED PER DRAWING REQUIREMEMTS.  RESIOPT
BEARING HEAT TREATMENT |5 VERIFIED PER DREAWIMG RECIUIREMENTS. RES14
RES102T
BELLOWS ASSEMBLY REMOAI0
SHAFT ASSEMBLY REMAIRI
SHAFT AND BELLOWS ALL \WELDS ARE INSPECTED TO DRAVING AMO SPECIFICATICN RECLIIREMENTS PER WELD RL1OG11
YWELD INTEGRITY CLASS. IMSPECTIONS INCLUCDE: VISUAL, DINEMSICHAL, PENETRANT, RADICGRAFHIG, R 60T DR
ULTRASONIC, AND FILLER MATERLAL, A5 APPLICABLE. RAD1I5-118
RADMTE.LOE
RADN 7527
RA1115-001
ASEEMBLY NTEGRITY TORCUE AND STAKING OF INLET AND CIFTLET FASTENERS ARE IMSPECTED. RLODATZ
' THE ASSEMBLED WALYFE |5 OPERATICRFINCTICON TESTED DURING MAMUEACTURING.
HOT FIRE TESTING AMD 2MNE E & M INEPECTIONS VERIFY SATISFASTCHRY YALVE CPERATION, RLOO]EC-C4
RLOQJLE-LE
REDOIA8-CF
HOT-FIRE ACCEPTANCE WALYVE OFERATION IS YERIFIED THRALUGH HOT-FIRE ACCERTANCE TESTIMG. RLOO4G1

TESTING (GREEN RUM)

VALVE ACTUATICH |5 VERIFIED DURING PRELAUNCH FRT CHECKOUT, (LAST TEET)

BALL SEAL LEAHAGE IS TESTED PRIDR TO LAUMCH. (LAST TEST)

OMRAED W 1AS0.02D
OMRED SOIFAD 211

OWMASD W4 1B 1)
OMRSD SA0FAD X4



Campanenl Graup: Prapallant Valvea Propaned: F. Lowrlmors
GiL itern: D140-0& Apprraverd; T. Hyguyen
Coampanenl: Culdizer Praburner Oxidizer Valve Appraval Data: Ef30/33
Farl Number: R300§253 Changa #; 1
Fallure Moda: Place part structuraf Fallure. Directiva #; CoBD MEA-O1-2226
Page: 3nf 3
Failura Causes Significant Chemadedstbcs inspection(s) © Teslis) Docurment Refarence

Failure Hizlory: Comprahensiva failurs history data (s mainlained in the Problee Reperting database (FRAMS/IPRACA)
Raterence: MASA letter SAZ1MA/308 and Rocketoyne (mlter 3ERCLATEL.
COperalicnal ea: Mot Applicablz
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Pana: 1af 1
Grtleal mitial
Fool  Flaw Size Mot
Gide wot  Deteciable
Componznt Baxsl= Part Number Weld Hlember Veld Type  Class Access HCF  LCF Comments
BELLOWS R5006220 14 GTALY 1] b A
BELLCWS Fa0JeZa0n E-7 GTAVY |
EHAFT " REOO8261 1,2 EEnn ] % ¥



